Introduction
One of the primary purposes of behavioural genetic studies is to partition and estimate the degree to which individual differences in behaviour and most measures of substance use (e.g. McGue, 1994) show that genetic factors play a role in the expression of these phenotypes. What was not expected to be heritable was a person's report of the external environmental conditions surrounding him or herself. These have, however, been demonstrated reliably to have a substantial heritable basis (e.g. Vernon et al., 1997) . Subsequent analyses determined that the genetic in uences accounting for the individual differences in personality trait scales also in uenced self-reports of an individual's environment. For example, Saudino et al. (1997) showed that all genetic variance on controllable, desirable and undesirable life events in women was common to the genetic in uences underlying Neuroticism and Extraversion from the Eysenck Personality Questionnaire, and the Openness to Experience scale from a short version of the NEO Personality Inventory (NEO-PI: Costa & McCrae, 1985) . Genetic in uences underlying personality scales had little in uence on uncontrollable life events simply because this variable was not heritable. In another study, Jang, Livesley & Vernon (2000) estimated the degree to which self-report measures of personality dysfunction, heritable scales from the Family Environment Scale (FES: Moos & Moos, 1994) , and present-day alcohol misuse shared a common genetic basis. The study found that the genetic factors in uencing personality also in uenced perceptions of the family environment, but their in uence did not extend to alcohol misuse.
Although these studies assessed the nature and magnitude of pleiotropic in uences between measures, that is, the degree to which two or more variables share a common aetiological basis, they also raised the possibility that the environment does not have an effect independent of pre-existing genetic factors (see Reiss et al., 2000 for an extensive review). For example, an individual's personality or psychopathology plays a signi cant role in the selection and creation of their own environment. This genotypeenvironment relationship is described by a term from quantitative genetic theory referred to as genotype-environment correlation, the extent to which individuals are exposed to environments as a function of their genetic propensities. Three general types of genotype-environment correlation have been hypothesized: passive, active and reactive (Plomin, DeFries & Loehlin, 1977) .
Passive genotype-environment correlation occurs because children share heredity and environments with members of their family and can thus passively inherit environments correlated with their genetic propensities. Reactive genotype-environment correlation refers to experiences of the child derived from reactions of other people to the child's genetic propensities. Active genotype-environment correlation is known as "niche-building" or "niche picking" (Plomin, DeFries & McClearn, 1990, p. 251) . This occurs when children actively select or create environments commensurate with their underlying genetic propensities. Genotype-environment correlations are central to studies of psychopathology, such as substance use, because they identify sources of environmental in uence that either "activate" or were selected to maintain the underlying genetic liabilities for the behaviour in question.
A straightforward way to test for genotypeenvironment correlation for substance use would be to correlate a "true" measure of the environment, that is, a scale that assesses a person's perception of external conditions that has no demonstrable heritability, with a measure of substance misuse that is completely heritable. Such an approach could be tested if validated scales with these characteristics existed. In this regard, there exist several measures assessing a person's perceptions of the environment that show no heritable component. For example, environmental factors accounted for all of the variance in seven of 10 FES scales (e.g. Vernon, et al., 1997; Jang, Vernon & Livesley, 2000) . Identi cation of measures of substance use that are entirely heritable is more problematic. Although there is disagreement regarding the relative magnitude of the in uence of genetic and environmental in uences on alcohol use (e.g. Pickens et al., 1991; McGue, Pickins & Svikis, 1992) , the studies agree that both variance components are required to account for the variability on these measures. Deriving sets of scores that re ect only the genetic and environmental in uences on substance use solves this problem. Such genetically "pure" scores could then be correlated with the non-heritable scales of the environment to assess the presence of genotype-environment correlations between the measures of interest.
Computational methods to derive scores that re ect only the genetic and environmental in uences have been appearing in the be-havioural genetic literature (e.g. Sham et al., 2000; Thomis et al., 2000) . These methods make it possible to estimate scores for the common genetic and environmental factors extracted among several items or scales. The value of this factor score approach is that several multivariate genetic analyses of substance use measures exist (e.g. Jang et al., 1995) , based on large sample sizes, that may be used to derive the genetic and environmental factor scores for any comparable sample which has completed the same measures. It should be noted that unless the items composing a scale are genetically unifactorial in nature, it is not possible to derive a score for the scale per se, but rather only for its underlying factorial structure.
The environmentally "pure" scores of substance use also provide a means to address the question of "the nature of non-shared environment". As noted above, most heritability estimates of psychiatric disorder account for about half of the total variance, with the remaining half attributable to environmental in uences. There are two types of environmental variance-that caused by experiences and conditions that are in common to or "shared" by all members of the family, and those that are unique or "nonshared" to each member of the family. Twin studies of substance use have shown that most of the environmental variance is of the non-shared variety (e.g. Prescott et al., 1994) . However, despite the known in uence of non-shared environmental in uences, identi cation of what they are remains elusive (e.g. Hetherington, Reiss & Plomin, 1994; Turkheimer & Waldron, 2000) . Thus, it follows that the correlation of substance use scores that were transformed to only index the in uence of non-shared environment with a broad range of non-heritable scales of the environment, would make it possible to identify non-shared environmental factors that have a direct impact on behaviour.
The purpose of the present study is to describe a method to test for gene-environment correlation and identify speci c aspects of the nonshared environment that have a direct impact on substance misuse. This was accomplished by using behavioural genetic techniques to create measures of alcohol and drug misuse that re ect only the in uences of either genetic or environmental factors. These genetically and environmentally indexed factor scores of substance misuse were then related to non-heritable reports of the environment assessing a range of intraand extra-familial environmental conditions. The primary advantage of the method described and used here is that it provides a means to derive indices of substance use and perceptions of the environmental conditions that are not confounded by competing genetic and environmental in uences. Any interrelationships uncovered between aetiologically distinct substance misuse and environmental variables begin to address the nature of the interplay between genes and the environment on the development of substance misuse.
Method

Subjects
The sample comprises 86 identical or monozygotic (MZ) and 77 fraternal or dizygotic (DZ) twin pairs. The MZ sample consists of 58 sister pairs (mean age 5 29.31 years, SD 5 12.39 years, range 18-79 years) and 28 brother pairs (mean age 5 29.29 years, SD 5 8.92, range 5 19-53 years). The DZ sample includes 37 sister pairs (mean age 5 27.60 years, SD 5 9.44, range 5 18-61 years), 16 DZ brother pairs (mean age 5 30.38 years, SD 5 10.73, range 5 18-62 years) and 24 sister-brother pairs (mean age 5 28.38 years, SD 5 9.11, range 5 18-57 years). Zygosity was determined through a questionnaire (Nichols & Bilbro, 1966 ) that has been shown to be at least 95% as accurate as red blood cell polymorphism analyses (Kasriel & Eaves, 1976) . All twin pairs were volunteers recruited through newspaper advertisements and media stories from Vancouver, Canada. A condition of participation in the study was that the twin pairs must have been raised together in the same home with no signi cant separations greater than 1 month. Portions of the data used in this study were previously published in Jang et al. (2000) . The data obtained from twins who participated in the present study were recruited independently of the twins who completed the FES and CES reported in Vernon et al. (1997) .
Measures
All twin pairs completed a battery of questionnaires at home and were instructed to complete the questionnaires independently of one another in a non-distracting setting. Questionnaires were returned by mail and all participants received a cash honorarium for their participation. A total of 207 pairs were mailed the questionnaire battery. Data from only one member of a pair (discordant-participant) was received from 18 pairs (8.7%) and data from both pairs (concordant-participant) was received from 162 pairs (78.3%). Comparison of the raw scale scores between the discordant-participant and concordant-participant pairs provides a broad means to test the representativeness of the sample (Neale & Cardon, 1992) . In the usual twin design, both members of a twin pair will initially volunteer to participate in the study. If one member of the pair is dysfunctional, only the healthy (or healthier) member of the pair may complete the study. Because they are twins, there is an expectation that data from the participant twin from a discordant-participant pair will be similar (especially among the MZ pairs) to the non-participant twins, and this could be used as a rough estimate of the level of psychopathology existing on the discordant-participant pair. Signi cant differences in test scores between concordant-and discordant-participant pairs would suggest that the concordant-participant pairs are not representative of the general population (that is, they are "too" healthy). In the present sample no signi cant differences were observed on the raw substance misuse items (described below) between the concordant-participant and the discordant-participant of either zygosity.
The primary measure of substance misuse was eight items that compose the "Addictive Behaviours" subscale of the Dimensional Assessment of Personality Pathology-Differential Questionnaire (DAPP-DQ: Livesley & Jackson, 2001; Livesley, Jang & Vernon, 1998) . The eight items composing this scale are: I often drink too much; I have consumed so much alcohol at times that I could not remember what happened; There have been times in my life I have repeatedly used alcohol to excess; Alcohol has got me into trouble on a number of occasions; I have used a number of illicit drugs; I use drugs frequently; Drugs have sometimes caused me to take time off work or school; I rarely use drugs unless prescribed by a doctor. Study participants were instructed to answer the questions with reference to their behaviour in the past 6-8 weeks or 2-month period. The internal consistency (Cronbach's a ) for the drug misuse items was estimated at 0.75 and for the alcohol misuse items at 0.92. Cronbach's a for the total eightitem "Additive Behaviours" scale was 0.87 in the present sample. One twin was selected randomly from each pair for the reliability computations.
Intra-familial environment was measured by the Family Environment Scale (FES: Moos & Moos, 1994) : a 90-item true/false scale of a person's perceptions of his or her conjugal or nuclear family environment. For the present study, subjects were instructed to rate the family environment of the family of origin (see also Vernon et al., 1997) . The 10 FES subscales are divided into three domains: Relationships (Cohesion, Expressiveness, and Con ict), the degree to which Personal Growth is emphasized in the family (Independence, Achievement Orientation, Intellectual-Cultural Orientation, Active-Recreational Orientation and MoralReligious Emphasis) and system maintenance issues (Organization and Control). The internal consistencies of the FES scales reported in the manual (Cronbach's a ) ranged from 0.61 (Independence) to 0.78 (Moral-Religious Emphasis), and 4-week test-retest reliability (KuderRichardson 20) ranged from 0.54 (Independence) to 0.91 (Moral-Religious Emphasis).
The Classroom Environment Scale (CES: Moos & Moos, 1993 ) was used to assess extrafamilial environment. This scale was designed to measure students' perceptions of the classroom environment. The scale contains 90 true/false items that, like the FES, assess three broad domains of classroom environment. The rst domain assesses relationship issues with the Involvement, Af liation, and Teacher Support subscales. The second domain assesses personal growth and goal orientation issues with the Task Orientation and Competition subscales. The nal domain is known as "system maintenance and change", de ned by the Task Orientation, Rule Clarity, Teacher Control and Innovation scales. The test manual reports satisfactory psychometric properties for each of the subscales. Cronbach's a ranges from 0.67 (Competition) to 0.86 (Teacher Control), and 6-week test-retest reliabilities were reported to range from 0.72 (Rule Clarity) to 0.90 (Innovation). For the present study, the subjects were asked to rate the environment of the classroom they remembered best from high school.
The Traumatic Events Questionnaire is a list of traumatic life experiences that assesses lifetime occurrences of traumatic events derived from an item set used in a community survey (Stein et al., 1997) . The present study used eight items from this survey to assess the occurrence of two broad forms of traumatic events: "assaultative" and "non-assaultative" events. Items are scored on a two-point scale (1 5 yes, 0 5 no/don't know) for three different time periods between the ages of: 0-6, 7-16 and 17 1 . The score for each item is the sum of the responses for each age category. The non-assaultative events subscale is composed of four items: Did a close friend or family member ever die because of an accident, homicide or suicide?; Were you ever in a motor vehicle accident serious enough to cause injury to one or more of the passengers?; Did you ever suffer injury or property damage because of re?; Did you ever suffer property damage because of severe weather, like tornado, or a natural disaster like an earthquake or ood? Cronbach's a for these items in the present sample was estimated at 0.42, which supports the assumption that the occurrence of these events is largely random with respect to one another. The assaultative events scale is composed of the following four items: Did anyone ever take something from you by force or threat of force, such as in a robbery, mugging or hold-up?; Were you ever threatened with a weapon, held captive, or kidnapped?; Did anyone ever beat you up or attack you?; Did anyone ever make you have unwanted sexual contact by using force, pressure, or threats to harm you? Cronbach's a for these items in the present sample was estimated at 0.70, supporting the assumed interdependent nature of the items.
Biometric analyses
The rst step in the data analysis was to compute the genetically and environmentally indexed factor scores for the alcohol and drug misuse items. Jang et al. (1995) tted multivariate genetic models to the eight items that had additive genetic in uences (a), environmental in uences shared in common (c) or non-shared environmental in uences (e) in common. Additive genetic in uences represent the extent to which genotypes "breed true" from parent to offspring. Shared environmental in uences distinguish the general environment of one family from another and in uence all children within a family to the same degree (Rowe, 1994) . Non-shared environmental factors (see Hetherington et al., 1994) include events that have differential effects on individual family members (e.g. pre-and postnatal traumas, differential parental treatment). It should be noted that e is not estimated directly but constitutes the residual variance after the effects of a and c have been removed. As such, this component also contains random error variance.
The analyses presented in Jang et al. (1995) extracted three additive genetic factors and three environmental factors. The rst genetic factor was de ned by the items: I have consumed so much alcohol at times that I could not remember what happened; Alcohol has got me into trouble on a number of occasions; and Drugs have sometimes caused me to take time off work or school. These items describe "pathological substance misuse". The second genetic factor is de ned primarily by the drug misuse items: I have used a number of illicit drugs; I use drugs frequently; and I rarely use drugs unless prescribed by a doctor. These items describe "nonpathological drug misuse". All the alcohol misuse items, describing genetically based "nonpathological alcohol misuse", largely de ne the third genetic factor. The rst environmental factor extracted in these analyses had signi cant loadings on all eight items, indicating that there is a class of environmental variables shared by all members of a family (c) that in uence alcohol and drug misuse ("shared environmental substance misuse"). The next two environmental factors described events that are unique to each member of the family. The rst is de ned by signi cant loadings from all alcohol and drug misuse items ("non-shared environmental substance misuse"). Only the drug misuse items loaded on the third factor, identifying it as "nonshared environmental drug misuse".
Scores for each of these genetic and environmental factors were computed using the following equation:
Where y 5 factor score for the common genetic or environmental factor, c 5 vector of estimated path coef cients which represent the correlations between the common genetic or environmental factor and the observed measures, R 2 1 5 inverse of the correlation matrix of the observed measures, and x 5 column vector of observed values on the measures (Sham et al., 2001) . The values of c were taken from Jang et al. (1995) and multiplied by elements of R 2 1 and values of x obtained from subjects in the present sample to yield a value of y for each subject on each of the genetic and environmental factors. The computer program Mx (Neale et al., 1999) was used to carry out the matrix functions. The distribution of y for each of the factors was normally distributed.
Heritability analyses
A primary assumption of the twin method is the "assumption of equal environments" in which it must be shown that the similarity of MZ twins relative to the DZ twins is due to the two-fold greater genetic similarity of MZ twins to DZ twins and not because MZ twins were treated more similarly than DZ twins-that is to say, the environments of the MZ twins are no more similar than the environments of the DZ twins. This was tested by endorsement rates of several questions assessing the degree to which twins were treated similarly. We assessed the MZ and DZ similarity of treatment by summing the responses to the seven items (true/false) that ask if: twins spend most of their time together; attend the same school; have the same friends; tend to dress alike; are in most of the same classes at school; if parents treat them very much the same; and had the same teachers. MZ twins were on average found to be treated signi cantly more similarly than the DZ twins (t 5 12.89, p 5 0.00, df 5 324). Correlating similarity of treatment with each FES, CES subscale and genetic and environmental factor scores tested the impact of this violation of the equal-environments assumption. This variable was found to have a signi cant correlation only with FES: Family Cohesion (r 5 0.185, p , 0.01), accounting for 3.40% of the total variance on the scale. Demographic variables such as age and gender may in uence the magnitude of scores, which has the principal effect of biasing heritability estimates (see McGue & Bouchard, 1984) . All data were adjusted for these effects by computing the standardized residual of the simultaneous regression of each score on age and gender prior to heritability analysis and the computation of the genetic and environmentally indexed factor scores to correct for this potentially biasing effect.
With the adjustments made to the scale scores, univariate heritability analyses of the FES, CES and TEQ subscales proceeded to identify scales that were in uenced by large environmental (shared and non-shared environmental in uences) in uences; that is, not in uenced by any genetic in uences to a signi cant degree in the present sample. Although the present sample is modest in size (85 MZ and 77 DZ pairs), power analyses using the method detailed in Neale and Cardon (1992) show that the present sample is suf ciently large to detect scales whose environmental in uences comprise 91% of the total variance (e.g. c 2 5 41% and e 2 5 50%) with 95% con dence. The signi cance (p , 0.05) of each of each of the a, c and e parameters was tested by t-test.
The heritabilities of the FES, CES and TEQ scales in the present sample were estimated employing the standard biometrical modelling methods as described in Neale & Cardon (1992) . The LISREL 8 computer program (Jöreskog & Sö rbom, 1993a) was used to t a model specifying additive genetic, shared and non-shared environmental in uences to the MZ and DZ twin covariances by the method of maximum likelihood. The MZ and DZ intra-pair covariances were estimated using the computer program PRELIS 2 (Jöreskog & Sörbom, 1993b). Overall model-t was assessed using likelihood ratio v 2 and root mean square error of approximation (RMSEA) that estimates the goodness-of-approximatio n to a true model in the population (see Steiger, 1989; Loehlin et al., 1998) . Note that the parameter estimates a, c, and e must be squared to yield the familiar h 2 , c 2 and e 2 statistics that index the proportion of the total variance on each of the scales attributable to additive genetic, shared and non-shared environmental in uences.
Gene-environment correlation was tested with a stepwise multiple regression of the FES, CES, and TEQ subscales in which the additive genetic in uence was non-signi cant (p , 0.05, t-test) on the genetically indexed substance use factor scores. A second set of stepwise multiple regression analyses regressed the shared and nonshared substance use factors on each of the not signi cantly heritable FES, CES and TEQ subscales to identify speci c features of the shared and non-shared environment of siblings directly related to substance misuse.
Results
The proportion of the sample that endorsed each response category for the four alcohol and four drug misuse items are presented in Table 1 . The MZ and DZ intra-pair correlations for the 10 FES, nine CES and two TEQ subscales are presented in Table 2 . The MZ and DZ intra-pair correlations provide a broad indication of the magnitude of any heritable effects that may be present on any scale. Examination of the rst two columns of Table 2 show that the MZ correlations exceed the DZ correlation on most FES scales, but that the MZ correlation signi cantly (p , 0.05 Fisher's Z r transformation) exceeds the DZ correlations on only two scales: Achievement Orientation and IntellectualCultural Orientation, suggesting the presence of large heritable in uences on these two scales. For the remaining scales, the MZ and DZ twin correlations are not signi cantly different suggesting that heritable in uences, if any (as indicated when rMZ , rDZ), are negligible and that environmental in uences account for the greatest proportion of the total variance. Environmental in uences also appear to account for the majority of the variance on the CES scales. Only on the Innovation scale did the MZ correlation signi cantly exceed the DZ correlation, suggesting that this scale has a signi cantly large heritable component. The twin correlations also suggested the presence of a sizable heritable in uence on the Assaultative Events scale, but not the Non-Assaultative scale from the TEQ. Table 2 also presents the results of the heritability analyses. The table presents the maximum likelihood parameter estimates and their standard errors for additive genetic (a) and shared (c) and non-shared (e) environmental in uences for each subscale. These analyses con rmed the broad indications drawn from the examination of the MZ and DZ intra-pair twin correlations alone. Heritable in uences were found to account for a signi cant (p , 0.05, t-test) proportion of the variance in FES IntellectualCultural Orientation, Active-Recreational Orientation, Cohesion and Achievement Orientation. With the CES, signi cant heritable in uences were detected on the Innovation and Af liation scales. For the TEQ, signi cant genetic in uence was detected on the Assaultative Events scale as expected. Given the signi cant presence of genetic in uence on these seven environmental measures subscales, they were excluded from the next step in the analyses.
The top of Table 3 presents the results of the stepwise multiple regression of each genetic substance use factor on all of the non-signi cantly heritable FES, CES, and TEQ subscales used to test for gene-environmental correlation between substance misuse and the environment. Scores from one randomly selected member of each pair were included for analysis. The rst genetic factor that indexes pathological substance misuse was found to be associated with decreased FES Moral-Religious Emphasis, FES Cohesion, CES Task Orientation and increased Classroom Organization and Orderliness, F 5 6.98, p 5 0.000, accounting for approximately 24% of the variance in genetically based pathological alcohol and drug misuse. For the second genetic factor indexing non-pathological drug misuse, no FES or CES subscale emerged as having a signi cant association with this factor. Two variables accounted for a signi cant proportion (14%) of the variance on the third genetic factor, nonpathological alcohol misuse. These subscales are FES Moral-Religious Emphasis and Family Organization (F 5 6.89, p 5 0.002). The remainder of Table 3 presents the results of the stepwise multiple regression analyses designed to identify sources of shared and nonshared environmental in uence on substance misuse. These analyses regressed each of the shared and non-shared substance use factors on each of the non-signi cantly heritable FES, CES and TEQ subscales. The regression of the shared environmental factor indexing all alcohol and drug misuse items was found to have a negative association with FES Moral-Religious Orientation. This relationship accounted for approximately 9% of the total variance on this factor, F 5 8.27, p 5 0.005.
The rst non-shared environmental substance misuse factor was found to have a negative relationship with FES Moral-religious Emphasis, CES Task Orientation, FES Family Cohesion and a positive association with CES Classroom Organization and Orderliness. These environmental subscales accounted for approximately 23% of the total variance on this factor, F 5 6.44, p 5 0.000. The second non-shared environmental factor indexing non-shared environmental in uences on drug misuse only was not associated with any FES, CES or TEQ scale.
Discussion
Genotype-environment correlation describes the extent to which individuals are exposed to environments as a function of their genetic propensities (e.g. Plomin et al., 1977) . The present study assessed genetic liabilities to alcohol and drug misuse with perceptions of the social environments of the family of origin and the classroom. Genotype-environment correlations are important in the study of psychopathology because they identify the environments that may activate or maintain the expression of underlying genetic liabilities for disorder. The present study identi ed two genotype-environment correlations for alcohol and drug misuse. The primary nding of the present study was that pathological alcohol and drug misuse was correlated with decreases in perceived family moral-religious emphases, family cohesion, and classroom task orientation and increased perceptions of classroom order and organization (strictness). It was also shown that non-pathological alcohol misuse was associated with perceived breakdown or lack of family organization and family moral and religious emphases in the family. It is noteworthy that these results highlight the importance of family values and the in uence that parents have on the development of behaviours in their children. The results run counter to some theories that a person's peers as opposed to families are important in development (e.g. Harris, 1998) .
The regression of the alcohol and drug misuse scores directly attributable to this variance component on the measures of family and classroom environments begins to identify the nature of the non-shared environment. The present analyses have tentatively identi ed some of the sources as the degree to which issues of a moral-religious nature are emphasized in the family, the degree of cohesion, and the degree to which classroom task orientation, order and organization are emphasized. It is interesting to note that the same FES and CES variables, particularly FES MoralReligious Emphasis, emerge over most of the analyses with both the genetic and environmental factor scores.
The plausibility of variables such as moralreligious emphasis as a factor in alcohol use has been demonstrated in several studies and the present results are not inconsistent with previous studies. For example, religious af liation and participation is signi cantly associated with degrees of alcohol use and abstinence (e.g. Mindanik & Clark, 1994; Heath et al., 1999) . Moreover, a recent study by Koopmans et al. (1999) examined the role of religious upbringing, which has no heritable basis (e.g. Boomsma et al., 1999) as a moderator of genetic in uences on the risk of alcohol use initiation. They report some evidence for a gene-environment interaction among females: the relative magnitude of the genetic in uences for risk of alcohol use initiation was signi cantly higher in families without a religious upbringing than in families with a religious upbringing, suggesting that religious upbringing moderates the magnitude of genetic in uence on alcohol use initiation. Given the key nding in this and other studies of the role of moral-religious background and education on substance use, it would be interesting to determine if speci c religious af liations or philosophical doctrines have a differentially greater impact on genetically and environmentally based substance use. Unfortunately, this was not testable in the present study because the items comprising the FES Moral-Religious Emphasis subscale were designed to be useable by the widest possible number of subject populations, and as such they do not make reference to speci c religious or philosophical preferences.
The present study has several limitations. With regard to the measures of substance misuse, our scales do not assess usage of speci c types of drugs (e.g. marijuana vs. heroin) or alcohol (beer and wine vs. spirits). Furthermore, the substance misuse scales used here only measured substance use in the past 6-8 weeks. Another suggestion for future research would be to try to assess the actual amounts of substance use at different points in a person's life. Information as to what environmental conditions were salient and the level of substance use at any point during development would provide a temporal framework to determine if the relationship between substance use and environmental conditions re ects passive, reactive or active genotype-environment correlation (Scarr & MacCartney, 1983) . It should also be noted that because the study is based on volunteers from the general population, it is possible that substance users are under-represented in the sample because they are less likely to volunteer. We attempted to test broadly for this problem by comparing the substance use scores from pairs of twins in which both members of a pair completed the study (concordant-participant) against the scores from monozygotic twin pairs in which only one member of a pair completed the study (discordant-participant) . No signi cant differences were found between these two groups, suggesting that the present sample is representative of the general population as discussed in the method section. Nevertheless, the present results must be replicated on a larger and broader independent sample.
The characteristics of the environmental measures are a second area of concern. First of all, the present study was also limited to a small number of family and classroom environmental measures that limit the generalizability of the results. At the very least, future studies should include other known risk factors for substance use. Another set of limitations that must be considered when interpreting the results concerns how the study participants assessed the environments of their classrooms. Our methods asked participants to report on the best-remembered classroom, but this bestremembered classroom might not be representative of the typical classroom experienced by the person. Nevertheless, the results are clear that classroom task orientation is an important variable whether it was characteristic of all classrooms experienced by the person or one that simply stood out. The issue of selective recall of classrooms does not end with salience of the experience; recall is probably mediated in some way by other factors, such as a genetically based personality trait. This is an issue that clearly requires additional research, and the method described in Jang et al. (2000) might be one approach to the problem. As noted in the introduction, this study performed a simultaneous analysis of family environment, personality and alcohol misuse. What was interesting about this study was the nding that that there is not always a clear genetically or environmentally based path from personality and family environment to substance use.
Despite the present study's limitations, the general method provides a means to identify risk factors for substance abuse and other psychopathologies. The regression of genetic and environmental factor scores on non-heritable measures of environmental conditions permits the direct assessment of the impact of geneenvironment correlations-the environments conducive to the expression of the genotypethat are so often ignored because of the lack of methods to assess them (see .
